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In Norris Geyser Basin, the ratio of chloride to sulfur 
(Cl/S) varies from about 8 to 14 (a chloride to sulfate ratio of 
2.5 to 4.5) and is not related to discharge (fig. 11). 

Fournier and others (1997) observed that chloride con-
centration increased at Cistern Spring for several months pre-
ceding a thermal disturbance. Immediately following the onset 
of disturbances, decreased chloride and increased sulfate was 
found. In another example quoted—a neutral-chloride spring 
at Opal Terrace—the sulfate was observed to decrease from 
133 ppm to 99 ppm in the 4 days following a disturbance. 

Our sampling, although not as detailed as that of Fournier 
and others (1997), covered a longer time period and integrated 
the thermal activity of the whole basin. During the distur-

(Friedman and Norton, 1990; Friedman and Norton, this vol-
ume). The chloride versus sulfate flux did not appear to be a 
function of the discharge (fig. 12).

Most (94 percent) of the chloride exiting the Park is 
derived from the magma underneath the Park (Norton and 
Friedman, 1985). Sulfate is believed to be formed largely by 
the oxidation of reduced sulfur, present either as hydrogen 
sulfide or elemental sulfur, which are also products of magma. 
Oxidation occurs when oxygenated water from the surface 
interacts with the reduced sulfur species—it is unclear whether 
bacteria are involved with this process (Truesdell and others, 
1978; Schoen and Rye, 1970).
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Figure 10. Plots of discharge versus chloride and sulfate 
concentrations, in parts per million, of water samples collected 
during 1988–2002 at the Tantalus Creek weir.

Figure 11. Plots of discharge versus chloride and sulfate fluxes, 
in grams per second, for water samples collected during 1988–
2002 at the Tantalus Creek weir.



532  Integrated Geoscience Studies in the Greater Yellowstone Area

0

2

1

4

3

6

5

8

7

0 1 2 3 4 5 6 7 8

CH
LO

RI
DE

 v
s 

SU
LF

AT
E 

FL
UX

 R
AT

IO

DISCHARGE, IN cfs

Pre-Ragged Hills
Post-Ragged Hills

bances of 1988, 1989, 1990, and 1991, both discharge and 
chloride flux decreased and regained their former values dur-
ing a period of several months. The changes in both discharge 
and chloride flux during the 1988, 1989, and 1991 distur-
bances were as large as a factor of 3, whereas the changes dur-
ing the 1990 event were much smaller. The changes in sulfate 
flux were in the same direction as the changes in chloride flux. 
The ratio of chloride to sulfate flux varied from approximately 
2 to 4. With the exception of the data for 1991, the ratio was 
independent of the discharge rate. In 1991, for discharge rates 
below 4 cfs, the ratio increased with discharge. At higher 
discharges, the changes are more random but show a tendency 
to decrease with increasing discharge. A factor of 4 change in 
chloride flux over a time interval of a month or so occurred 
several times in our 4-year data set

Summary and Conclusions

The data presented here illustrate the usefulness of satel-
lite-telemetered data of thermal features that are acquired at 
closely spaced time intervals.

1. Although some of the variation in discharge from NGB 
can be related to the effect of precipitation within the 
basin, examples are given that relate changes in dis-
charge to the eruption of specific thermal features such 
as Steamboat and Echinus Geysers. Other basin-wide 
changes are due to changes in thermal-water input 
from deep sources.

2. An important finding is the large month-to-month 

change in both chloride and sulfate fluxes. A change 

by a factor of 4 in chloride flux over a time interval of 

a month or so occurred several times in our 4-year data 

set. These measurements confirm qualitative observa-

tions made over the years of the extreme variability 

of thermal activity at NGB. This variability is not 

restricted to individual thermal features but includes 

the entire geyser basin

3. A daily variation in discharge occurs with a amplitude 

of 10 percent. Maximum discharge occurs during the 

night in summer and during the afternoon in winter. 

The mechanisms for these diurnal variations in dis-

charge are poorly understood.
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Figure 12. Plot of discharge versus chloride-sulfate ratio for 
water samples collected during 1988–2002 at the Tantalus Creek 
weir.




